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(57) ABSTRACT 

It is an object of the invention to provide a vision regen 
eration assisting apparatus capable of assisting in vision 
regeneration Without making a system structure compli 
cated. 

1n the invention, a vision regeneration assisting apparatus 
for regenerating a vision of a patient going blind by a disease 
of a retina includes a photosensor embedded in the retina of 
an eye of the patient and converting an optical signal into an 
electric signal, photographing means for photographing an 
object to be recognized by the patient, image processing 
means for carrying out an image processing to extract a 
feature With respect to an image of the object obtained by the 
photographing means, pulse light forming means for form 
ing a luminous ?ux into a pulse light to induce a vision, and 
irradiating means provided before the eye of the patient and 
applying the pulse light toWard the photosensor so as to be 
formed as an image processed by the image processing 
means. 

7 Claims, 6 Drawing Sheets 
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VISION REGENERATION ASSISTING 
APPARATUS 

This application claims priority from Japan Application 
No. 2001-039031, ?led on Feb. 15, 2001 and Japan Appli 
cation No. 2001-267743, ?led on Sep. 4, 2001. 

TECHNICAL FIELD 

The present invention relates to a vision regeneration 
assisting apparatus in Which a photodiode is embedded 
under a retina to arti?cially give a vision signal. 

BACKGROUND ART 

A disease such as retinitis pigmentosa or age-related 
macular degeneration causes a vision handicap, and vision is 
sometimes lost When the disease becomes Worse. Usually, 
When light is applied to a retina, an optical signal is 
converted into an electric signal in a photoreceptor cell, and 
the electric signal is changed into a pulse signal in a ganglion 
cell and the pulse signal is transmitted to a brain. When the 
disease such as the retinitis pigmentosa or the age-related 
macular degeneration is generated, the photoreceptor cell is 
decreased or becomes extinct. For this reason, the optical 
signal cannot be converted into the electric signal so that 
vision cannot be obtained. In recent years, various trials for 
recovering vision have been proposed for such loss of the 
vision. For example, JP-T-11-506662 has disclosed the 
invention related to the generation of vision Which uses a 
retina stimulating system. 

The system serves to embed, under a retina, a micropho 
todiode having sensitivity to visible light and infrared light 
and to receive, into the microphotodiode, an image (video) 
ampli?ed and modulated by a neuron net computer through 
a CCD camera, thereby obtaining vision. 

In the retina stimulating system, hoWever, the visible light 
and the infrared light are used for light incident on a 
photodiode. Therefore, it is necessary to cause the photo 
diode to be a complicated mechanism. Moreover, the system 
itself has a complicated structure. 

In consideration of the problems of the prior art described 
above, it is a technical object to provide a vision regenera 
tion assisting apparatus capable of assisting in vision regen 
eration Without making a system structure complicated. 

DISCLOSURE OF THE INVENTION 

In order to attain the object, the invention is characterized 
by the folloWing structure. 

(1) A vision regeneration assisting apparatus for regener 
ating vision of a patient going blind by a disease of a retina 
is characterized by a photosensor embedded in the retina of 
an eye of the patient and for converting an optical signal into 
an electric signal, photographing means for photographing 
an object to be recognized by the patient, image processing 
means for carrying out image processing to extract a feature 
for an image of the photographed object, irradiating means 
provided before the eye of the patient and for applying pulse 
light to the photosensor, and control means for controlling 
the irradiating means based on image information subjected 
to the image processing. 

(2) The vision regeneration assisting apparatus according 
to the (1) is characterized in that the irradiating means 
includes scanning means for tWo-dimensionally scanning 
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2 
light over the photosensor, and the control means controls 
driving operation of the scanning means based on image 
information. 

(3) The vision regeneration assisting apparatus according 
to the (2) is characterized in that the control means controls 
a repetitive frequency of scan. 

(4) The vision regeneration assisting apparatus according 
to the (1) is characterized in that the irradiating means 
includes a digital micromirror device, and the control means 
controls driving operation of the digital micromirror device 
based on the image information. 

(5) The vision regeneration assisting apparatus according 
to the (1) is characterized in that the irradiating means 
includes display means in Which a large number of LEDs are 
arranged, and the control means controls driving operation 
of the display means based on image information. 

(6) The vision regeneration assisting apparatus according 
to the (1) is characterized in that the image processing means 
extracts only a contour of the image of the photographed 
object as image information by the image processing, and 
the control means controls the irradiating means based on 
the image information thus extracted. 

(7) The vision regeneration assisting apparatus according 
to the (1) is characterized in that a plurality of photosensors 
are embedded in the retina of the eye of the patient and an 
embedding interval betWeen the photosensors is smaller than 
a spot diameter of light on the photosensor. 

(8) The vision regeneration assisting apparatus according 
to the (1) is further characterized by changing means for 
changing an irradiating condition of light by the irradiating 
means, the control means controlling the irradiating means 
based on the irradiating condition thus changed. 

(9) The vision regeneration assisting apparatus according 
to the (1) is further characterized by projecting means for 
projecting a predetermined pattern onto the object. 

(10) The vision regeneration assisting apparatus accord 
ing to the (1) is characterized in that the irradiating means 
applies a pulse light, and the control means controls at least 
one of a frequency and an amplitude of a pulse based on the 
image information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vieW shoWing the schematic structure of a 
microphotodiode to be used in an embodiment of the inven 
tion, 

FIG. 2 is a vieW shoWing procedure for manufacturing the 
microphotodiode, 

FIG. 3 is a vieW shoWing the schematic structure of the 
appearance of an irradiating device, 

FIG. 4 is a vieW shoWing the schematic structure of an 
optical system and a control system in the irradiating device, 

FIG. 5 is a vieW shoWing an example of image processing, 
FIG. 6 is a vieW shoWing the schematic structure of the 

optical system and the control system in the irradiating 
device for detecting the distance of an object, 

FIG. 7 is a vieW shoWing another embodiment of the 
irradiating device, and 

FIG. 8 is a vieW shoWing a further embodiment of the 
irradiating device. 

In the draWings, 1 denotes an irradiating device body, 10 
denotes a photographing unit, 13 denotes a CCD camera, 14 
denotes an LED, 16 denotes a mirror, 16a denotes a motor, 
17 denotes a mirror, 17a denotes a motor, 20 denotes a video 
processing unit, 30 denotes a response unit, and 100 denotes 
a microphotodiode. 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

An embodiment of the invention Will be described With 
reference to the drawings. A vision regeneration assisting 
apparatus to be used in the embodiment comprises a micro 
photodiode to be embedded in the retina of a patient and an 
irradiating device for applying a luminous ?ux (light beam) 
having a directivity to the microphotodiode. 

FIG. 1 is a vieW shoWing the schematic structure of the 
microphotodiode to be a kind of photosensor to be embed 
ded in a retina. 

100 denotes a microphotodiode. As shoWn in the draWing, 
the microphotodiode 100 comprises an n-type electrode 102 
provided on an n-type diffusion layer 104 and a p-type 
electrode 103 provided on a p-type substrate 101. 

The microphotodiode 100 can be obtained by the folloW 
ing procedure. FIG. 2 shoWs procedure for manufacturing 
the microphotodiode 100. 
A resist 105 is mounted on the p-type substrate 101 and 

an n-type impurity is implanted/diffused so that the n-type 
diffusion layer 104 is formed on the p-type substrate 101 
(STEP 1 and STEP 2). Next, Al deposition for depositing a 
?lm 106 formed of aluminum is carried out over the p-type 
substrate 101 provided With the n-type di?‘usion layer 104 
(STEP 3). Then, a resist 105 is provided on the ?lm 106 in 
order to form an electrode pattern and etching is carried out 
to ?nish the microphotodiode 100 having the n-type elec 
trode 102 and the p-type electrode 103 (STEP 4 and STEP 
5). 

Since the microphotodiode 100 is used While being 
embedded under a retina, it is preferable that one side should 
be approximately 1 um to 100 um. Although the micropho 
todiode 100 to be utiliZed in the embodiment uses the p-type 
substrate 101, it is not restricted. For example, an n-type 
substrate may be used to form an n-type electrode and a 
p-type electrode. While the aluminum is used as a conduc 
tive material in the embodiment, moreover, it is not 
restricted but a material having an excellent biocompatibility 
may be used. For example, platinum, gold, tungsten and 
titanium may be used. 

Next, the structure of the irradiating device of the vision 
regeneration assisting apparatus Will be described. 

FIG. 3 is a vieW shoWing the schematic structure of the 
appearance of the irradiating device for applying a prede 
termined luminous ?ux on the microphotodiode 100 embed 
ded under the retina of an eye E of a patient. 

1 denotes an irradiating device body. The body 1 com 
prises a photographing unit 10, an image processing unit 20 
and a response unit 30. The photographing unit 10 and the 
response unit 30 are connected to the image processing unit 
20 through cables 2 and 3, respectively. 

The photographing unit 10 takes the shape of goggles to 
be attached on the front of the eyes of the patient and can be 
?xed and held at the front of the eyes of the patient by using 
a belt 11. 12 denotes a photographing WindoW for photo 
graphing an external World seen from the front of the eyes 
of the patient by using a CCD camera 13 provided in an 
inner part (Which Will be described beloW). The camera 13 
is attached inside the photographing unit 10 in such a 
manner that a photographing axis of the camera 13 is coaxial 
With a visual axis set When the patient sees a thing in a 
horiZontal direction. 

While the attachment position of the camera 13 is placed 
in such a manner that the photographing axis of the camera 
13 is coaxial With the visual axis set When the patient sees 
the thing in the horiZontal direction as described above in the 
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4 
embodiment, it is not restricted but the photographing axis 
of the camera 13 is preferably adapted corresponding to a 
direction in Which the patient can see the thing most easily. 

Moreover, the photographing unit 10 also comprises an 
irradiating optical system for applying a predetermined 
luminous ?ux to the retina of the eye E based on the image 
(video) of the photographed external World in addition to the 
camera 13 (Which Will be described beloW). 
The image processing unit 20 carries out a predetermined 

image processing over image information (video informa 
tion) obtained by the photographing unit 10. 
The response unit 30 is used for correcting the vision 

regeneration state of the patient attaching the photographing 
unit 10. 30a denotes a sWitch group for changing the 
characteristic and irradiation state of a luminous ?ux Which 
is applied from the photographing unit 10. By using the 
sWitch group 3011, the vision regeneration state of the patient 
can be re?ected on image processing to be carried out by the 
image processing unit 20 or the irradiating conditions of a 
luminous ?ux in the photographing unit 10. 

FIG. 4 is a vieW shoWing the schematic structure of an 
optical system and a control system in the body 1. 

14 denotes an LED Which serves to apply a White lumi 
nous ?ux having a great directivity based on a signal sent 
from the image processing unit 20. While the LED is used 
as a light source for irradiation on the microphotodiode in 
the embodiment, it is not restricted but can preferably apply 
a luminous ?ux having a large light quantity and directivity. 
For example, a semiconductor laser can also be used for the 
light source. Moreover, the Wavelength of light to be applied 
is not restricted to a visible range but may be present in an 
infrared range. 

15 denotes an aperture diaphragm by Which a spot diam 
eter of a luminous ?ux to be applied to a retina is reduced 
to be su?iciently small and a spot diameter of approximately 
several um to several hundreds um can be obtained over the 
retina. While the spot diameter of the luminous ?ux to be 
applied to the retina is determined by the aperture diaphragm 
15 in the embodiment, it is not restricted but can also be 
determined by using an optical member such as a lens. 

16 and 17 denote a mirror for guiding a luminous ?ux 
applied from the LED 14 onto the retina. Motors 1611 and 
1711 are attached to the mirrors 16 and 17 respectively and 
the mirrors 16 and 17 are turned (sWung) in a predetermined 
direction by the driving operations of the motors 16a and 
17a. The luminous ?ux applied from the LED 14 is re?ected 
by the mirrors 16 and 17 turned by means of the motors 16a 
and 17a and is scanned tWo-dimensionally over the retina in 
vertical and transverse directions. 

21 denotes an image processing section for carrying out 
predetermined image processing over image information 
obtained from the camera 13. 22 denotes a control section 
for controlling the ON operation of the LED 14 and the 
driving operations of the motors 16a and 1711 based on the 
image information converted in the image processing sec 
tion 21. 

Description Will be given to the operation of the vision 
regeneration assisting apparatus having the structure 
described above. 

First of all, an operator embeds a large number of micro 
photodiodes 100 in the retina of the eye E (a microphoto 
diode group including a large number of microphotodiodes 
is formed on a fundus). In the embodiment, the luminous 
?ux applied from the LED 14 is scanned tWo-dimensionally 
for a large number of microphotodiodes 100. Consequently, 
the image information obtained by the camera 13 is repro 
duced so that vision is obtained. 
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Accordingly, a region on the retina in Which the micro 
photodiodes 100 are embedded is to have such a suf?cient 
siZe as to reproduce the Whole photographing region of the 
camera 13, and furthermore, the embedding is preferably 
carried out throughout the Whole region. The number of the 
microphotodiodes may be approximately 3x3 (9) or 5x5 
(25) in respect of simple graphic recognition. 

If an embedding interval betWeen the microphotodiodes 
100 is great, moreover, a portion in Which light is not 
received by the microphotodiode 100 is formed in the scan 
of the luminous ?ux so that precise reproduction is hard to 
perform. Accordingly, it is preferable that the embedding 
interval betWeen the microphotodiodes 100 should be 
smaller than the diameter of the luminous ?ux. 

Next, the photographing unit 10 is attached at the front of 
the eyes of the patient to regenerate vision. In the embodi 
ment, the photographing axis of the camera 13 is set to be 
coaxial With the visual axis obtained When the patient 
Watches in a horizontal direction. For this reason, to change 
the vision, a Watching direction is varied by a Whole face 
Without moving eyes. Consequently, the direction of the line 
of vision is almost coincident With the image of the external 
World photographed by the camera 13. 

The image of the external World photographed by the 
camera 13 is transmitted to the image processing section 21 
through the cable 2. The image processing section 21 carries 
out processing such as noise removal and smoothing over 
the image information thus transmitted (the quantity of light, 
the shades of colors and a hue). Moreover, the edge of the 
image is detected and the image of the photographed exter 
nal World is converted into image representing only a 
contour. 

For example, in the case in Which a box 50 taking the 
shape of a rectangular parallelepiped shoWn in FIG. 5(a) is 
photographed by the camera 13 of the photographing unit 
10, a color and a pattern are removed from the image 
information of the box 50 by the image processing of the 
image processing section 21 and the same image informa 
tion is converted into image information (a box 50') repre 
senting only the contour of the box 50 (a dotted-line por 
tion). 

The image processing is carried out by the image pro 
cessing section 21 and the image information thus processed 
(the image representing only the contour) is transmitted to 
the control section 22. The control section 22 converts the 
processed image information into an electric pulse signal to 
control the ON operation of the LED 14. At the same time, 
the control section 22 controls the driving operations of the 
motors 16a and 17a to scan an applied luminous ?ux in such 
a manner that the image representing only the contour can be 
reproduced by the luminous ?ux Within the range of the 
microphotodiode 100 embedded on the retina. 

At this time, the control section 22 applies a luminous ?ux 
emitted from the LED 14 as pulse light to the microphoto 
diode 100. The pulse Waveform of the luminous ?ux serves 
to induce the excitation of the nerve cell of the retina Which 
is necessary for the perception of vision. 

The microphotodiode 100 receives the pulse light from 
the LED 14 and converts the pulse Waveform into an electric 
signal. The electric signal is transmitted to a brain through 
an optic nerve so that the vision can be obtained. 

The lighting conditions (irradiating conditions) of the 
optical pulse emitted from the LED 14, for example, a 
frequency and an amplitude (a light quantity) of the optical 
pulse and a time interval for the lighting can be changed 
corresponding to each pixel unit by the sWitch group 30a of 
the response unit 30. 
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6 
The amplitude is preferably set in such a manner that the 

current value of the electric signal generated from the 
microphotodiode 100 on the receiving side ranges from 10 
MA to 6 mA. When the current value of the electric signal 
generated from the microphotodiode 100 is less than 10 uA, 
electric stimulation is reduced. When the current value is 
more than 6 mA, moreover, the electric stimulation is 
excessively increased so that the muscular Witch of the eye 
might be caused. 

Furthermore, the repetitive frequency of the scan can also 
be changed by the sWitch group 3011. By varying the 
repetitive frequency, it is possible to change the condition of 
a ?icker of the reproduced image. It is preferable that the 
repetitive frequency should range from 25 HZ to 100 HZ. 
When the repetitive frequency is less than 25 HZ, the ?icker 
of an image is increased so that a feeling of physical disorder 
is generated. When the repetitive frequency is more than 100 
HZ, moreover, it is faster than the speed of the excitation 
response of a cell so that reaction cannot be accepted. 
A patient can use the sWitch group 3011 of the response 

unit 30 to change the irradiating conditions of the pulse light 
and the repetitive frequency of the scan, thereby setting the 
condition on Which vision can be obtained most easily for 
himself (herself). 
The contents thus set are transmitted to the control section 

22 through the cable 3. The control section 22 controls the 
ON operation of the LED 14 and the driving operations of 
the motors 16a and 17a in accordance With the set condi 
tions. 

In the embodiment, thus, photoelectric conversion to be 
conventionally carried out in a photoreceptor cell is per 
formed by the photodiode and the formation of a pulse to 
excite a ganglion cell is carried out by an external device. 
Even if the photoreceptor cell is decreased so that vision is 
lost, therefore, it is not necessary to use a photosensor 
having a complicated mechanism for compensating for the 
vision. It is su?icient that the microphotodiode 100 has the 
function of simply converting an optical signal into an 
electric signal. 

While the luminous ?ux applied from the LED 14 is 
changed into a pulse Waveform and is scanned for the 
microphotodiode 100 in the embodiment, it is also possible 
to obtain the same advantages by properly changing the 
repetitive frequency of the scan using continuous light, 
thereby varying a time taken for applying the luminous ?ux 
per unit area. 

In the embodiment, moreover, the image of an object 
Which is photographed is not seen through a monitor such as 
a CRT or an LCD but the object is reproduced on the retina 
by the scan of the luminous ?ux. By detecting the distance 
of the object to be photographed by an image processing and 
variously changing the lighting conditions of pulse light to 
be applied for the distance of each object to be photo 
graphed, therefore, it is possible to emphasiZe the distance of 
the object. 

FIG. 6 shoWs a vision regeneration assisting apparatus 
having a structure for detecting the distance of an object. The 
portions having the same reference numerals as those in 
FIG. 4 have the same functions. 

40 denotes a half mirror to be put on the photographing 
axis of the camera 13. 41 denotes an aperture provided With 
an opening portion having a regular pattern (a grid pattern). 
42 denotes a light source. An illuminating luminous ?ux 
emitted from the light source 42 projects a luminous ?ux 
having the grid pattern onto an object before the eyes 
through the half mirror 40 and forms the grid pattern on the 
surface of the object. 
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The image processing section 21 prestores the siZe of a 
grid pattern to be formed at a predetermined distance (for 
example, 1 m) and stereo information and distance infor 
mation can be obtained from the shape (siZe, strain) of the 
grid pattern projected onto the object to be photographed by 
the camera 13. 

The image processing section 21 obtains the stereo infor 
mation and the distance information depending on the state 
of the grid pattern formed on the surface of the object and 
transmits them to the control section 22 together With the 
image information obtained by the image processing (con 
tour extraction). The control section 22 detects the distance 
of the object based on the obtained image information and 
changes the lighting conditions of pulse light emitted from 
the LED 14 depending on the distance of each object, 
thereby reproducing the contour of the object on the micro 
photodiode 100. 

For example, the lighting interval of the LED 14 is 
reduced (a cycle is shortened) to reproduce the contour of a 
close object portion, thereby giving more simulation, and the 
lighting interval of the LED 14 is increased (the cycle is 
prolonged) to reproduce the contour of a distant object 
portion, thereby reducing the stimulation. Thus, information 
about a distance can be given for each object by a texture 
(pattern) projecting method. 

While the lighting conditions of the pulse light emitted 
from the LED 14 are thus changed based on the distance of 
the object to be photographed, various information about the 
color and material of the object can also be used as means 
for giving recognition to a patient depending on a change in 
the lighting condition, for example. 

While the luminous ?ux is scanned by using the driving 
mirror in the embodiment, it is su?icient that the luminous 
?ux for forming an image processed by the image process 
ing means is applied toWard the microphotosensor. 

FIG. 7 is a vieW shoWing an embodiment in Which the 
invention is applied by using a digital micromirror device 
(DMDTM manufactured by Texas Instruments Co., Ltd.). 
The portions having the same reference numerals as those 
shoWn in FIG. 4 have the same functions and description 
Will be omitted. 

In FIG. 7(a), 50 denotes a digital micromirror device, 51 
denotes a lens, 52 denotes a light absorbing plate, and 60 
denotes a light source for applying illuminating light onto 
the Whole digital micromirror device. The digital micromir 
ror device 50 is provided in such a position as to be 
conjugated With the light receiving surface of the micropho 
todiode 100 through the lens 51 in the photographing unit 
10. 

FIG. 7(b) is an enlarged vieW shoWing a part of the digital 
micromirror device 50. 53 denotes a micromirror having a 
siZe of approximately 16 um square. 54 denotes a base ?xing 
and holding the micromirror 53 inclinably at a predeter 
mined angle. 500,000 micromirrors 53 or more are ?xed and 
held on the base 54 and an interval betWeen the micromirrors 
53 is less than 1 pm. Moreover, the micromirror 53 is 
inclined at +10 degrees by adding an electrostatic charge 
(turning ON) and is inclined at —10 degrees by removing the 
charge (turning OFF). The ON/OFF of the charge can be 
carried out 5000 times per second. Consequently, the micro 
mirror 53 can be sWitched quickly at a predetermined angle. 
A method of forming an image by using the digital 

micromirror device 50 Will be described With reference to 
FIG. 7(c). In FIG. 7(c), the digital micromirror device 50 
using tWo micromirrors 53a and 53b is utiliZed. 
An illuminating luminous ?ux emitted from the light 

source 60 illuminates the Whole digital micromirror device 
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50. The micromirror 53a to Which the electrostatic charge is 
given is inclined at +10 degrees and a luminous ?ux 
re?ected by a re?ecting surface passes through the lens 51. 
On the other hand, the micromirror 53b to Which the charge 
is not given is inclined at —10 degrees and a luminous ?ux 
re?ected by a re?ecting surface does not pass through the 
lens 51 but is transmitted toWard the light absorbing plate 
52. Thus, it is possible to transmit the image information to 
the eyes of the patient through the lens 51 by giving the 
charge to only the micromirror 53 required for (correspond 
ing to) the formation of an image. 

In the structure using the digital micromirror device 50 
described above, an operation thereof Will be described With 
reference to FIG. 7(a). 
The image of the external World photographed by the 

camera 13 is transmitted to the image processing section 21 
through the cable 2. The image processing section 21 carries 
out processing such as noise removal and smoothing over 
the image information thus transmitted (the quantity of a 
light, the shades of colors and a hue). Moreover, the edge of 
the image is detected and the image of the photographed 
external World is converted into an image representing only 
a contour, and the same image is transmitted to the control 
section 22. The control section 22 gives a charge to the 
micromirror 53 of the digital micromirror device 50 to be 
driven in such a manner that the processed image informa 
tion is received by the microphotodiode 100 based on the 
same image information. 

The light source 60 illuminates the Whole digital micro 
mirror device 50 and an image is formed depending on only 
a difference in the inclination angle of the micromirror 53. 
Moreover, the control section 22 further turns ON/OFF the 
charge With respect to the micromirror 53 giving the charge 
and converts the image information into a pulse signal. By 
such a method, it is possible to control a frequency to be a 
pulse signal having a preferable Waveform for stimulating a 
ganglion cell or a lighting time interval. Moreover, the 
amplitude (the light quantity) can be changed by the light 
source 60. 

As means for applying the image information on the eyes 
of the patient, moreover, it is also possible to use a structure 
in Which a large number of LEDs are arranged in place of the 
digital micromirror device. 

FIG. 8 is a vieW shoWing a structure using a large number 
of LEDs as irradiating means. 

70 denotes display means in Which a large number of 
LEDs 71 are arranged tWo-dimensionally. Image informa 
tion photographed by the camera 13 is subjected to prede 
termined processing by the image processing section 21 and 
is then transmitted to the control section 22. The control 
section 22 controls to turn ON each of the LEDs 71 and 
displays an image on the display means 70 based on the 
processed image information. By ?ashing the LED 71 or 
regulating the quantity of light through the control section 
22, moreover, it is possible to generate a pulse signal having 
a preferable Waveform for stimulating the ganglion cell. 

While the invention has been described in detail With 
reference to the speci?c embodiment, it is apparent to the 
skilled in the art that various changes and modi?cations can 
be made Without departing from the spirit and scope of the 
invention. 

The application is based on Japanese Patent Application 
(No. 2001-039031) ?led on Feb. 15, 2001 and Japanese 
Patent Application (No. 2001-267743) ?led on Sep. 4, 2001 
and the contents are incorporated herein by reference. 
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INDUSTRIAL APPLICABILITY 

As described above, in the invention, a Work Which has 
conventionally been carried out in eyes can be performed on 
the outside and a photosensor to be embedded in a retina 
Which has only the function of simply converting an optical 
signal into an electric signal can be used. Consequently, it is 
possible to assist in the regeneration of a vision Without 
using a complicated system. 

The invention claimed is: 
1. A vision regeneration assisting apparatus for regener 

ating vision of a patient going blind by a disease of a retina, 
comprising: 

a photosensor to be embedded in the retina of an eye of 
the patient and for converting an optical signal into an 
electric signal; 

photographing means for photographing an object to be 
recogniZed by the patient; 

image processing means for carrying out image process 
ing on an image of the photographed object to detect an 
edge of the image and obtaining an image representing 
only a contour of the object; 

irradiating means for irradiating pulse light having a pulse 
Waveform serving to induce excitation of a nerve cell of 
the retina Which is necessary for perception of vision 
scanning means provided at the front of the eye of the 
patient for tWo-dimensionally scanning the irradiated 
light over the photosensor; and 

control means for controlling the irradiating means and 
the scanning means based on image information 
obtained by the image processing means; and 

Wherein the scanning means includes a pair of mirrors and 
a pair of motors for driving the pair of mirrors; and 

Wherein the control means controls driving operation of 
the pair of motors based on the image information. 

2. The vision regeneration assisting apparatus according 
to claim 1, Wherein the control means controls a repetitive 
frequency of the scan. 

3. The vision regeneration assisting apparatus according 
to claim 1, Wherein a plurality of photosensors are to be 
embedded in the retina of the eye of the patient and an 
embedding interval betWeen the photosensors is smaller than 
a spot diameter of the light on the photosensor. 
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4. The vision regeneration assisting apparatus according 

to claim 1, further comprising changing means for changing 
an irradiating condition of the light by the irradiating means, 

Wherein the control means controls the irradiating means 
based on the changed irradiating condition. 

5. The vision regeneration assisting apparatus according 
to claim 1, further comprising projecting means for project 
ing a predetermined pattern onto the object. 

6. The vision regeneration assisting apparatus according 
to claim 1, Wherein 

the irradiating means irradiates the pulse light, and 
the control means controls at least one of a frequency and 

an amplitude of the pulse light based on the image 
information. 

7. A vision regeneration assisting apparatus for regener 
ating vision of a patient going blind by a disease of a retina, 
comprising: 

a photosensor to be embedded in the retina of an eye of 
the patient and for converting an optical signal into an 
electric signal; 

a camera that photographs an object to be recogniZed by 
the patient; 

a processor that processes on an image of the photo 
graphed object to detect an edge of the image and 
obtain an image representing only a contour of the 
object; 

a light source that irradiates pulse light having a pulse 
Waveform that induces excitation of a nerve cell of the 
retina for perception of vision; 

a scanner at the front of the eye of the patient that 
tWo-dimensionally scans the irradiated light over the 
photosensor; and 

a controller that controls the light source and the scanner 
based on image information obtained by the processor; 
and 

Wherein the scanner includes a pair of mirrors and a pair 
of motors for driving the pair of mirrors; and 

Wherein the controller controls driving operation of the 
pair of motors based on the image information. 


